Abstract. The variation of city structures play important role in many factors of city system and spatial structure of city system has been one of the most popular topics. However, the current research does not reflect the spatial-temporal variation of cities as population, area and economical factors change and the empirical data of cities in the above researches were mainly for provincial or municipal cities. Few focus on the spatial-temporal variation of county-level cities' structure. In this paper, the spatial-temporal characteristics based on data of population, area, economical factor of county-level cities was studied and a model between the economical state and spatial indexes was presented.
Introduction
City system in reality has very complicated structures based on the data of population, area and related economics according to different natural environment, social and cultural background, the basis of economic development, etc [1] [2] [3] [4] . In addition, the variation of city structures play important role in many factors, such as in the efficiency of searching jobs by workers [5] [6] [7] , in the road traffic fatality rates [8] , in the income disparities [9] .
Nowadays, spatial structure of city system has been one of the most popular topics and related contents were mainly about the structure variation of city system with population distribution [10, 11] , built-up area [12, 13] , the change of the workplaces [14] and human behavioral by mobile phone data [15] , the information and communication technology [16] , the city areas selection of tourists [17] , the greenhouse gas emissions [18] , policy [19] and inadequate housing market [20] , etc.
The above researches mainly focused on statistical data and geographical variation of city system based on the empirical influence of variables related with population distribution, distance, area, etc, which did not reflect the spatial-temporal variation of cities as population, area and economical factors change. In addition, the empirical data of cities in the above researches were for provincial or municipal cities. Few concerned about county-level cities because of the lack of correlated data. Accordingly, it is important and useful to study the spatial-temporal variation of county-level cities' structure for further understanding the dynamical mechanism of city evolution.
Our aim in this paper is to study the spatial-temporal characteristics based on data of population, area, economical factor of county-level cities and find out a model between the economical state and spatial indexes. Furthermore, fractal dimension is usually used to evaluate the spatial difference of variables [21, 22] and it has been widely applied to many fields, such as engineering science [23] and material science [24] . Moran's I index is another index to show the degree of spatial concentration or dispersion of variables [25, 26] . So that we mainly calculate three fractal dimensions named by Zipf-dimension, Allometric-dimension, D-dimension based on the population and county-level city area and Moran' I index for population and one economical factor. The paper is organized as follows. Section 2 shows the current state of zone named by Blue and Yellow economics zone of the empirical county-level cities in China. The unbalanced state of economics of Blue and Yellow economics zone is depicted by Kuznetz ratio, three primacy indexes and the variation with time is also illustrated by figures in Section 3. Three fractal dimensions based on population, area and Moran's I indexes based on population and one economical factor are calculated and the spatial-temporal variation is shown clearly as figures in Section 4. In Section 5, the relationships between the unbalanced state variable and any one of the twelve spatial indexes are regressed and finally the model among the unbalanced state variable and two spatial indexes is presented. Conclusions and discussions are given in Section 6.
Problem Formulation
Blue and Yellow economics zone (BYEZ) belongs to Shandong Province in China and has 57 county-level cities shown in Fig. 1 . Based on the data of Shandong Statistic Year Book-2015, there are 6 large cities which have more than 1 million population; there are 30 medium cities which have from 0.5 to 1 million population; there are 21 small cities which have less than 0.5 million population. The ratio of numbers of cities (large, medium, small) is 6:30:21. The proportions of the population in large, medium and small cities of total population of the BYEZ in China are 0.1951, 0.5929 and 0.2121, respectively. 52.63% of cites has 59.29% of population. Then the distribution of number of cities and population in BYEZ in China likes a spindle shape from high level to low level.
Next we study the current spatial-temporal state of the economics and other factors of BYEZ in China according to the data of county-level cities.
Because of the difficulty to obtain these data for county-level cities, we use the data of total population, area of administrative land, public finance budget revenue (PFBR) of BYEZ in China from Shandong Statistic Year Books-from 2001 to 2015 to analysis its spatial-temporal variation in the whole paper.
Unbalanced Economical State
Firstly, the spatial-temporal distribution characteristics of regional imbalance of BYEZ in China are described by Kuznetz ratio [27] . Kuznetz ratio is calculated as follows which can represent the level of PFBR: (1) can be decomposed into the following formula:
The greater the value A is, the greater the impact of the low local PFBR on the economic differences of the BYZE is. The greater the value B is, the greater the impact of the high local PFBR on the economic differences of the BYZE is. The greater the value m is, the more number of cities with low productivity of human resources is. Fig. 1(a) and (b) . But the variation of k, A and B in BYEZ is greater than that of the values in Shandong Province. The number of unbalanced state of cities in Shandong Province is greater than that of cities in BYEZ but the degree of the variation of the number of m is larger than that of cities in BYEZ illustrated in Fig. 1(c) and (d) . In addition, the degree of unbalance of Shandong Province is larger than that of BYEZ but the degree of variation of unbalance of BYEZ is larger than that of Shandong Province.
Primacy indexes such as two, four and eleven indexes can represent the concentration degree of the city development [28] . Normally, the normal four and eleven city indexes should be 1, while the two city index should be 2 according to the order-scale principle. Obviously, the two index is larger than 1 but smaller than 2, while the four and eleven indexes are larger than 0 but smaller than 1 of county-level cities for BYEZ and Shandong Province, respectively illustrated by Fig. 2(a) and (b) . That means that the scale of the county-level cities in BYEZ and Shandong Province is less than the standard primacy distribution. In addition, the variation of these three primary indexes of BYEZ is larger than that of Shandong Province. Then the primary county-level cities in BYEZ has not a monopoly function and so has weaker impact on the entire economics than that of Shandong Province. 
Spatial-Temporal Variation
Fractal dimensions can characteristic the spatial distribution of cities. So next we calculate three different fractal dimensions to reflect the difference of county-level cities between Shandong Province and BYEZ. Zipf dimension [29] is deduced from the following Zipf formula
where r means the order of the county-level cities, r P stands for the order of the population size of the county-level cities and q is the Zipf dimension.
Hausdorff dimension [30] can be obtained by the following Pareto formula:
, (D > 0) where N (P ) means the number of cities that the population number is larger than the threshold, P stands for the city population size, C is constant and D is the Hausdorff dimension.
Normally, cities have the optimal distribution if D and q are 1, respectively. If D > 1 or q < 1, cities have concentrated distribution, while if D < 1 or q > 1, the distribution of cities is dispersed. From Fig. 3(a) and (b) , the values of Zipf dimension in BYEZ and in Shandong Province are both smaller than 1, but the former one is greater than the latter one, meaning that the cities distribution in county-level for BYEZ and Shandong Province is concentrated, and the number of cities in county-level in the middle sequence of BYEZ is more and the distribution of population in county-level cities is relatively much more concentrated than that of Shandong Province.
Allometric growth dimension [31] can reflect the dynamical relationship between the population and land area of city systems. Moreover, Allometric growth can be deduced from the following relationship: b A aP  , where b is the allometric dimension, A means the land area, P stands for the population and a is a constant. Normally, when b = 1, it means that the growth rate of land is equal to the growth rate of population; when b > 1, it means that the growth rate of land is larger than the growth rate of population; when b < 1, it means that the growth rate of land is smaller than the growth rate of population. Many empirical works obtained that the value of b is between 2/3 and 1 and the mean value is 0.85 empirically. However, we also calculate the different values from the county-level in BYEZ and Shandong Province, China shown in Fig. 3(c) . From 2000 to 2008, the value of b decreases as time increases in both BYEZ and Shandong Province. In addition, the value of b in BYEZ is larger than that in Shandong Province, which means that the growth rate about population growth relative to land growth in Shandong Province is larger than that in BYEZ. From 2009 to 2014, the value of b in both zones is general upward trend. But the growth rate of the allometric dimension of Shandong Province is larger than that of BYEZ and in 2014 the value in BYEZ is smaller than that in Shandong Province, meaning that the growth rate of population of Shandong Province is smaller than that of BYEZ. Moran's I index [32] :
is used to measure the spatial autocorrelation and it reflects the similarity degree of the attribute values of the neighboring or spatial neighboring regions, where n means the number of area units, y stands for the mean of observation variables, y i is the ith variable and 
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 named by the condition number [33] , CI as the pathological index [34] , VIF called by variance inflation factor [35] and Tol named by the tolerance [36] are calculated as following and all the results show that these six factors have strong multi-collinearity: In order to eliminate the multi-collinearity between these six factors, we use the stepwise regression method [37] in Matlab illustrated in Fig. 5 . It is shown clearly that k has multivariable linear relationship with 2 x and 4 x where after moving the variable 2 x in, (a) (b) (c) Figure 5 . Stepwise process.
After stepwise process, we employ the multiple linear regression [38] for k, 
Discussions and Conclusions
In this paper, we have proposed an empirical spatial-temporal analysis mainly for county-level data of population and PFBR in BYEZ. Its unbalanced state of economics was obtained based on the Kuznetz ratio, primacy indexes. Then spatial-temporal variation was studied by three fractal dimensions and Moran's I index. Based on the variation of spatial-temporal in BYEZ, we further considered the relationship between the unbalanced state variable and the spatial-temporal variables. After calculating the degree of the multi-collinearity based on the relative coefficient, condition number, pathological index, variance inflation factor and the tolerance, the strong multi-collinearity was obtained. Finally, we found out the multiple linear function between k and two fractal dimensions.
According to the function, we can see clearly that when the degree of the distribution of population size calculated by Z pop is smaller, the degree of the unbalanced state will be greater. Contrarily, when the degree of the distribution of population size calculated by D pop is smaller, the degree of the unbalanced state will be smaller.
Furthermore, two main results about the relationship between the Zipf dimension q and the Hausdorff dimension D had been obtained: one is that 1 q D  theoretically [39] and the other is that qD = 2 R , where R 2 is the coefficient of determination using the statistical least square method for the prefecture-level cities in China [40] . However, we can not find the same relationship statistically from our data which comes from the county-level cities in BYEZ of China. We will reveal further real relationship between the two dimensions from different scales in another article. So that in this paper we only measure the two dimensions using Matlab and obtain the variation of Zipf and Hausdorff dimensions from 2000 to 2014 for 57 county-level cities in BYEZ and 115 county-level cities in Shandong Province, respectively.
Interestingly, there exists an important problem from the empirical analysis results in this paper: why the product of these two fractal dimensions named by Z pop and D pop is not a fixed constant for the county-level data? We hope the problem will be solved in the further research.
